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SAE52100 steel1. Introduction
During processing of bearing outer race, low hardness was observed on one of the faces of a few races (Fig. 1). Bearing
races are generally processed from rolled bars. Bars are parted, forged, machined, heat treated and then ground. The
processing sequences of a bearing outer race are given in (Fig. 2). While carrying out heat treatment, the races are
austenitized in molten salt bath at around 870 8C [2] (Fig. 3) followed by quenching in molten salt bath at 220 8C
(marquenching) [2] followed by air cooling, water cooling, tempering in salt bath at 180 8C and rinsing in hot water [2]. Races
are inspected for hardness on sample basis after heat treatment. Hardness is measured on both the faces of the race. A few
races were reported to be having low hardness on their faces (38–42 HRC against speciﬁcation of 61–63 HRC) detected in
course of grinding. A photograph of part of an outer race has been shown in Fig. 1, where low hardness was found only on a
portion of one of the faces of the outer race as shown in Fig. 1. A detailed investigation was carried out to ﬁnd out the root
cause of the defect, i.e., low hardness.
2. Experimental
Chemical analysis of the samples was carried out using X-ray ﬂuorescence spectroscopy (XRF). Carbon and sulfur
contents were determined using combustion infrared technique. Hardness measurement was conducted using the Rockwell
C scale. The samples having low hardness were taken out from the mould and macro-etched in boiling aqueous solution of
HCl (50% HCl + 50% water) for approximately 20 min [3] and then were inspected to observe the forging ﬂow lines along the                
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Fig. 1. Part of an outer race – marked region having low hardness. Hardness values of the rest of the portion of the face were within the speciﬁcation.
Fig. 2. Processing sequence of a ball bearing outer race.
Fig. 3. Rings are held inside austenitizing bath by means of a stainless steel hook.
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prepared by following the standard metallographic technique and etched with 2% nital solution.
3. Results
3.1. Chemical analysis
The outer ring sample chemistry conformed to SAE52100 steel. The chemical analysis of the sample in wt% is provided in
Table 1.
3.2. Hardness measurement
Fig. 1 shows the region of low hardness on the face of outer race. According to quality check control generally performed
to verify that hardness is compliant with technical requirements, it was decided to test hardness of outer surfaces by macro
hardness tests, instead of micro hardness. Detailed hardness results in Rockwell C scale are provided in the Table 2.Table 1
Chemical analysis result (wt%).
Elements C Mn S P Si Al Ti Cr Mo Cu Ni
Speciﬁcation
SAE52100
0.98–1.1 0.25–0.45 0.025
max
0.025
max
0.15–0.35 0.010–0.060 0.03
max
1.30–1.60 0.10
max
0.35
max
0.25
max
Outer race 0.98 0.38 0.008 0.011 0.178 0.024 0.002 1.40 0.000 0.005 0.016
Table 2
Hardness test results on the sample.
Sl. no. Hardness (HRC)
Face 1a Face 2
Speciﬁcation (SAE52100) 61–63 61–63
Position 1 41.7 62.0
Position 2 38.6 61.8
Position 3 39.2 61.3
a Face 1 refers to the face where hardness was found to be low; Face 2 is the reverse face (refer to Fig. 1).
Fig. 4. Mould with samples for microscopic examination (etched in 2% Nital) exhibiting a layer of decarburization with the naked eye in samples S1 and S2;
in sample S3, the decarburization was visible under microscope but not with naked eye.
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Micro samples have been shown in Fig. 5a,c (samples with low hardness) and Fig. 5d (from the outer race sample having
good hardness). Microstructural examination of the three samples from the low hardness region, shown in Fig. 4, identiﬁed
as S1, S2 and S3 revealed dispersion of spherical carbides in the matrix of tempered martensite. Decarburized layers ofFig. 5. (a, c) Reveal microstructures of defective sample with presence of a varying degree of decarburization layer at the edge. The base microstructure
comprises of dispersed small carbides in the matrix of tempered martensite. (d) Microstructure of the defect free sample containing its face, which shows no
decarburization.
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microstructure of the outer race sample having hardness conforming to speciﬁcation.3.4. Macro-structural examination
Forging ﬂow lines are formed as a result of forging process, when second phases and inclusions get oriented along the
direction of maximum deformation [1]. Fig. 6a–e shows the orientations of forging ﬂow lines. The ﬁrst four ﬁgures pertain to
the samples having decarburized layers as also low hardness, where forging ﬂow lines are inconsistent with the shape of the
construction of race. In Fig. 6b and d, yellow lines indicate the directions of the ﬂow lines, where they have originated from
the track region and ﬂown towards the outer diameter, suggesting that their forging was clearly out of square. Fig. 6e
represents forging ﬂow lines in a correctly forged bearing race:Fig. 6. (a, c) Forging ﬂow lines has been shown in the samples after macro-etching. (b, d) Hand sketched patterns of the ﬂow lines of (a) and (c), respectively.
(e) Forging ﬂow lines as obtained by macro-etching of a properly forged bearing outer race sample. (For interpretation of the references to color in the text,
the reader is referred to the web version of the article).
Fig. 7. Part of a ring is exposed to atmosphere (not fully submerged in molten salt bath) during austenitizing.
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Possibilities for getting low hardness on the bearing races may be depicted as follows:a. DFig
du
fac
rem
deecarburization may take place on the face at the time of preheating before forging. In such case, decarburization is likely
to be present throughout the face across the periphery and most likely both the faces. This is however, not the case here.b. Low hardness can result as an outcome of faulty heat treatment e.g. due to low austenitizing temperature and/or higher
quenching temperature. However, in such case, entire ring will have low hardness without any presence of
decarburization.c. If a race remains partly exposed to the atmosphere i.e. part of the ring lies above the top layer of the molten austenitizing
salt bath (see Fig. 7), the subject ring will have decarburization on the exposed portion. However, in such case, the
decarburized layer is expected to be uniform throughout the face on the part of the ring, which was exposed to the
atmosphere during austenitizng.d. If decarburized layer is present in excess in rolled bars, during forging (upsetting and piercing), decarburized layer will
ﬂow over to the face portion of the ring as is explained by (Figs. 8 and 9a–d). Situations such as those shown in Fig. 8a–c can
occur if the cut piece parted from the rolled bar (raw material) is placed inclined to hammer face (Fig. 8a), while situations
such as those in Fig. 9a–c may occur if the circular faces of the cut piece are not parallel to each other, i.e., the job itself is
out-of-square (this may occur due to faulty parting of the rolled bar). During upsetting, the decarburized portion of the
outer diameter would ﬂow over to face in excess amounts in a localized region. After subsequent machining to remove the
decarburized layers from the outer diameter and the face, a part of one of the ring’s faces would have the presence of
decarburized layer (Fig. 8d), due to excess ﬂow of the same during the forging process (Figs. 8c and 9c), which on heat
treatment would give rise to low hardness.. 8. (a) Exaggerated view of possibility of an inclined job during forging. (b) Decarburized layer starts ﬂowing into a localized region at an early stage
ring upsetting due to early localized deformation. (c) After ﬁnal upsetting, decarburized layer stays present in excess amount at a localized region in one
e while it is in minimum amount at other regions on both faces. (d) After machining, decarburization layer from the periphery and also from the faces is
oved, except at the region on one face where the presence is in excess. The dimensional irregularities being minor are also corrected. Flow of
carburized layer at a localized region on the upper face at an early stage during upsetting.
Fig. 9. (a) Exaggerated view of possibility of an out-of square job during forging. (b) Decarburized layer starts ﬂowing into a localized region at an early stage
during upsetting due to early localized deformation, similar to the situation in Fig. 8d. (c) After ﬁnal upsetting, decarburized layer stays present in excess
amount at a localized region in one face while it is in minimum amount at other regions on both faces. (d) After machining, decarburization layer from the
periphery and also from the faces is removed, except at the region on one face where the presence is in excess. Dimensional irregularities in this case are
either absent or are negligible.
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The reason for low hardness of the outer races is attributed to the presence of decarburized layer on a part of one face. The
presence of decarburized layer on the face of the outer ring is believed to occur as a combined effect of decarburized bar (raw
material for the race) and out of square forging.
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